The histologic features of male accessory genital glands of entire sheep (group I), castrated sheep (group II), castrated sheep treated with 40 daily intramuscular injections of 50 milligrams testosterone propionate (group III), and castrated sheep treated with 600 milligrams testosterone propionate 72 hours before death (group IV) were compared. Sheep were castrated at 3 months old and all sheep were killed when I5 months old. Volume fractions of glandular tissue, intralobular fibromuscular tissue and perilobular fibromuscular tissue of the seminal vesicles and Cowper's glands fluctuated significantly (P < 0.05) during postcastration atrophy and after repeated testosterone treatment.
with testosterone the postcastration atrophy of plexal neurons was almost reversed in sheep in group 111. There also was hypertrophy of epithelial cells but the testosterone treatment failed to reduce to normal the fibromuscular volume fraction of the accessory genital glands. Testosterone propionate treatment of sheep in group IV failed to elicit appreciable morphologic changes.
These results are compared with our previous findings on the content and uptake of zinc by the accessory genital glands. It is suggested that accumulation of zinc in the accessory genital glands of sheep is not necessarily closely linked to normal histologic appearance.
The male accessory genital glands are under the control of pituitary and testicular hormones. After castration these glands undergo rapid involution characterized by atrophy of epithelial cells, then by atrophy and disappearance of smooth muscle cells [23] . Ultrastructural changes in epithelial cells include reduction of the granular endoplasmic reticulum and the Golgi complex, and a decrease in the number of free ribosomes and secretory granules, formation of autophagic vacuoles, and shrinkage of the nuclei [3, 6, 7, 201 . In most species, this type of involution of accessory glands is readily reversed by the administration of testosterone which restores accessory gland volume [5, 6, 121. In the castrated rodent, for example, the proliferative response of accessory sex glands to testosterone is rapid [13, 141 and can be divided into three phases [21] : a latent period 19, 161, a period characterized by a rapid rise in DNA synthesis and cell division [ l , 2, 5, 161, and a period in which both DNA synthesis and mitotic indices decline despite continued androgen treatment [ 14, 171. During the latter period, most cells have morphologic and biochemical evidence of differentiation [ 131. We have found no reports on the reversal by exogenous testosterone of postcastration atrophy of accessory genital glands in male sheep.
A previous study reported that the amount of zinc in the accessory genital glands of rams was more than that in wethers or wethers treated with 600 milligrams of testosterone propionate 72 hours before death [8] . In the same study it also was shown that the uptake of 65Zn by the accessory genital glands of the wethers was depressed, whereas in the wethers treated with 600 milligrams testosterone propionate it was similar to that in entire males. This work has been extended primarily to quantify the effects of castration and testosterone propionate administration on the histologic appearance of the accessory genital glands in sheep and secondarily to correlate the interactions among androgens, histologic structure and zinc uptake. Our experiments suggest that testosterone mediates the accumulation of zinc in the accessory genital glands of male sheep directly through activation of cell metabolism and indirectly by influencing epithelial cell growth.
Materials and Methods
Tissues were obtained from accessory genital glands used to study zinc and manganese metabolism in male sheep 181. Sheep were assigned to four treatment groups (table I). Group I (controls) consisted of entire untreated rams. The remaining groups consisted of wethers, castrated at 3 months old: group I1 wethers were given no further treatment; wethers of group I11 were given an intramuscular injection of testosterone propionate (Nutritional Biochemical Division, Cleveland, Ohio), 50 milligrams daily for 40 days before death; group IV wethers each received a single injection of 600 milligrams of testosterone 72 hours before death. All sheep were killed when 455 days old. Water and a basal diet containing corn-silage, urea and a mineral vitamin supplement were available ad libitum throughout the experiment.
Tissues were futed in 10% neutral buffered formalin, embedded in paraffin, cut a1 1 and 6 micrometers and stained with hematoxylin and eosin (HE). Selected sections were stained with periodic acid-Schiff (PAS).
Morphometric studies on the seminal vesicles and Cowper's glands to assess the degree of postcastration atrophy and response to testosterone were done with a 25-point Carl Zeiss integration disc I. Structures in seminal vesicles and Cowper's gland sections were measured by randomly moving the microscope stage along its two axes until 250 points overlying glandular cells had been counted. The number of those points overlying cross sections of alveoli, Pa, intralobular fibromuscular tissue, Pift, and perilobular fibromuscular tissue, Ppft, were recorded separately. These then were used to calculate the alveolar volume fraction, VV,,, and the intralobular (Vvift) and perilobular ( V V~R ) fibromuscular tissue volume fractions in seminal vesicles as follows [22] :
Tryphonas, Hidiroglou and Collins
Cowper's glands, in which lobulation is not readily discernible, were assumed to be composed only of alveoli and fibromuscular tissue. Consequently, only the organ alveolar (VV.) and the fibromuscular (VV,) fractions were considered vva =-P a Vvn =-Pr1 250 250
Mean and standard error values of the alveolar volume fractions for seminal vesicles and Cowper's glands are shown in table 11. It was assumed that the sections examined were selected at random from the organ, hence these relative areas provide estimates of the corresponding relative volumes.
All possible paired comparisons between estimated mean relative volumes for each treatment group were made by the Spjotvoll and Stoline 'T' method (18, 19, 221.
The maximum and minimum diameters of seminal vesicle plexal neurons were measured for each sheep on black and white photographs printed on plastic, non-expandable paper. The arithmetic average of the minimum and maximum neuron diameters was used to assess the degree of autonomic nervous system response to testosterone fluctuations. The average diameter for each treatment was estimated by averaging all neurons measured in each group, and all possible paired comparisons among the treatment averages were made with an estimate of the variance of the comparison based on a reconstituted mean square and a synthesized F test [ 181. Each of the six paired comparisons was done at the 0.05/6 significance level giving an overall 0.05 significance level with the Bonferroni inequality [ 1 I]. The mean cyton diameter and standard error for each treatment are shown in Table 11 . perilobular fibromuscular tissue cells of seminal vesicles and Cowper's glands, and the maximum, minimum and arithmetic mean diameters of seminal vesicle plexal neurons are given in table 11. In both glands, the tubuloalveolar volume fraction was well above 0.7.
Results

The ampulla of vas deferens, seminal vesicles and Cowper's glands of wethers in
Group I1
The accessory genital glands of sheep in this group maintained, to various degrees, their general histologic features, but, except for the prostate, had advanced atrophy. The degree of atrophy in the pars disseminata of the prostate was small. The most prominent change consisted of a relative increase in the amount of fibromuscular tissue ( fig. 1) .
The tubuloalveolar glands of the seminal vesicles, the ampullae of the vasa deferentia, and Cowper's glands were reduced to much simpler tubular structures, rarely with more than first order branching. The ductular and alveolar lumina were rather narrow and devoid of secretory material ( fig. 2-4) . Their glandular epithelial cells became low cuboidal and had an extremely reduced secretory activity as evidenced by the scarcity of PAS-positive cytoplasmic material and considerable reduction in the amount of supranuclear cytoplasm. The epithelial cells of seminal vesicles and ampullae of vasa deferentia became vacuolated and lacked stereocilia ( fig. 2,3) . Their nuclei were darker, somewhat smaller than normal, and had irregular contour. The nuclei of the Cowper's gland epithelium maintained their basal position but, in addition to becoming much darker, were closer to each other and assumed round or oval profiles rather than being flat against the basement membrane as is generally the case in entire untreated rams (fig. 4) . The neural plexi surrounding the seminal vesicles were also atrophic. The arithmetic average diameter of ganglionic neurons within such plexi was reduced to 57% of normal (P c 0.05) but glial and connective tissue cells were increased in number ( fig. 5, table 11 ).
I V
Group 111
Generally, the histologic appearance of accessory genital glands was not unlike that of entire sheep ( fig. 1-5 ). Considerable differences were seen, however, in both the glandular epithelium as well as the fibrous and fibromuscular tissues.
The tubuloalveolar glands were fully developed and the ductular and alveolar lumina of the seminal vesicles and ampullae of the vasa deferentia usually were replete with secretory material. The epithelial cells of all glands were hypertrophic and those lining the alveoli of seminal vesicles and ampullae of vasa deferentia were clearly columnar, taller than normal, had numerous large stereocilia, abundant supranuclear cytoplasm containing a plethora of PAS-positive secretory granules, and a clearer infranuclear zone (fig. 2, 3) . The nuclei of seminal vesicles, ampullae of vasa deferentia, and prostate epithelial cells were much larger than those of sheep in group I1 and were uniformly round to oval, with a smooth contour and well dispersed chromatin. In contrast, the nuclei of Cowper's glands epithelial cells were flatter than those of sheep in groups I1 and IV ( fig. 4) .
The fibromuscular parts of all accessory genital glands had not been reduced to normal (table 11) . Thus, interalveolar fibrosis was still discernible in prostate, seminal vesicles, and Cowper's gland, and fibrosis of the lamina propria was evident in the ampullae of vasa deferentia ( fig. 1-4) .
Morphometric analysis and comparison of the data with those of sheep in group I showed that a 16% decrease in the tubuloalveolar volume fraction and a 47% increase in the intralobular and perilobular fibromuscular fractions of the seminal vesicles were not significant (P > 0.05, table 11). In Cowper's glands, the fluctuations of the epithelial and fibromuscular tissue fractions were likewise not significant (P > 0.05, table 11). The arithmetic mean diameter values of vesicular plexal neurons approached those before castration ( fig. 5, table 11 ). Differences between the neuronal values in sheep of group I11 and those of groups I and I1 were significant (P < 0.05). 
Group IV
Except for a minor increase of supranuclear cytoplasmic eosinophilia in the epithelia of the seminal vesicles and the ampullae of vasa deferentia, the morphologic features of the accessory glands mimicked those of untreated wethers ( fig. 1-5 ). Morphometric evaluation of seminal vesicles and Cowper's glands showed that the acute hormonal treatment had no significant effect (P > 0.05, table 11).
Discussion
The fall in the epithelial volume fraction and the concomitant increase in the fibromuscular fraction in the seminal vesicles and Cowper's glands, as well as the fall in the mean neuronal diameter in seminal vesicle plexi, were taken as evidence that these organs are heavily dependent upon androgens for their structural integrity.
These experiments indicate that postcastration involution of the ovine accessory genital glands and seminal vesicle plexi can be reversed by testosterone. The speed with which the various organs or organ tissues responded to treatment varied. The differences in the absolute values for the alveolar and fibromuscular volume fractions in wethers of groups I and 111 were interpreted as an indication that fibrous and fibromuscular tissues respond to testosterone treatment more slowly than epithelium. This indication was further supported by the occurrence of glandular epithelial cell hypertrophy ( fig. 2, 4) . Also, the response of seminal plexi neurons to repeated testosterone propionate treatment somewhat paralleled that of the epithelia although it was not statistically significant (P > 0.05). The findings relative to the diameter of plexal cytons suggest that in sheep the rate of testosterone-induced DNA, RNA and protein synthesis varies among tissues.
The sluggishness of the prostatic response to castration and testosterone treatment is not easily explained and the literature deals sparingly with the subject. A similar refractoriness to testosterone is known to occur in the hamster's ventral prostate and seminal vesicles, which respond to gonadectomy not by rapid atrophy, but by loss of secretory activity [15] . Thus the ovine prostate may be less dependent for its morphologic integrity upon androgenic hormones than are the other accessory glands. Further morphologic studies, including electron microscopy, could help to quantify precisely the ovine prostatic response to androgens.
The severe reduction of the epithelial fraction in the accessory genital glands of the wethers and the lack of a histologically appreciable reversal of postcastration atrophy in the wethers treated with 600 milligrams of testosterone propionate are considered responsible for the lower zinc concentration values in these glands relative to those of the control rams [8] . Histochemical and isotope studies with 6sZn to determine the anatomic localization of zinc in dog, man, monkey, rabbit and rat prostate have shown that zinc is confined to the epithelial cells of the prostatic acini and that the highest concentrations are along the base and the luminal edge of the acinar cells [4] .
That 65Zn uptake by the accessory genital glands of wethers treated with 600 milligrams testosterone propionate was similar 72 hours later to that for entire rams 181, despite the lack of a histologically evident reversal of postcastration atrophy, is interpreted to indicate that accumulation of zinc in the accessory genital glands is not closely linked with normal growth in the gland [ 101.
